Introduction {#Sec1}
============

According to the World Health Organization, worldwide there were 422 million people with diabetes in 2014 \[[@CR1]\]. Type 2 diabetes (T2D) is a progressive disease, with many patients requiring insulin treatment to maintain target blood glucose levels \[[@CR2]\]. As the disease progresses, more intensive treatment often becomes necessary to achieve or maintain glycemic control. It is often a considerable challenge to help patients achieve and maintain glycemic control, resulting in up to half of patients with diabetes in the USA failing to reach glycemic targets \[[@CR3]\]. In the UK, only 40.2% of patients with T2D achieve the targets recommended to reduce the risk of diabetes complications \[[@CR4]\]. A recent study conducted in the USA and across a diverse range of countries in the EU showed that 21% of patients starting basal insulin treatment achieved the recommended glycemic target within 3 months; the rates ranged from 28% in Germany to 8% in the UK. Two years after basal insulin treatment initiation, 28% of patients had reached their glycemic target \[[@CR5]\].

Following lifestyle changes and monotherapy (most often with metformin), treatment guidelines recommend intensification of treatment in patients who are failing to obtain optimal glycemic control \[[@CR6]\]. As well as the use of an oral antidiabetes drug (OAD) or a combination of different OADs, and the addition of glucagon-like peptide 1, another option is to initiate treatment with and titrate basal insulins and further intensify therapy either by addition of rapid-acting insulin or by administration of multiple daily injections of insulin \[[@CR7]\]. Use of long-acting basal insulin analogs, such as insulin glargine at strength of 100 units per milliliter (Gla-100) and insulin detemir, has resulted in significant improvements in diabetes management in the past decade. Despite this, however, many patients and physicians are reluctant to initiate insulin therapy, and patients often do not adhere to insulin therapy if it is prescribed. Fear of injections and hypoglycemia are commonly cited reasons for this \[[@CR8], [@CR9]\].

A next-generation insulin glargine that contains 300 units per milliliter (Gla-300) and has an improved pharmacokinetic/pharmacodynamic (PK/PD) profile compared with Gla-100 was recently approved by the US Food and Drug Administration for the treatment of adults with type 1 diabetes (T1D) or T2D \[[@CR10], [@CR11]\]. Data show that, following injection, Gla-300 has slower release into the surrounding tissues compared with Gla-100, resulting in a more consistent plasma concentration of the drug and glucose-lowering effect, and a longer duration of action that fully covers a 24-h dose period with a single injection \[[@CR12], [@CR13]\]. Furthermore, data suggest that because of its more gradual release and stabler peak of action, Gla-300 is associated with lower incidence of hypoglycemia compared with first-generation basal insulins \[[@CR12]--[@CR14]\].

The efficacy and safety of Gla-300 were studied extensively in the EDITION series of clinical trials, which compared Gla-300 with Gla-100 in patients with T1D or T2D, with differing treatment backgrounds \[[@CR15]--[@CR20]\]. These treat-to-target clinical trials, which aimed to demonstrate noninferiority, consistently showed that hemoglobin A~1c~ level decreased by equivalent amounts with Gla-300 and Gla-100 treatment, regardless of the type of diabetes or whether patients were insulin naive or switching from treatment with another basal insulin. Furthermore, despite a higher average daily insulin dose, hypoglycemia rates were lower in patients treated with Gla-300 compared with those treated with Gla-100 \[[@CR15]--[@CR20]\].

Efficacy and safety data, however, have all been obtained from clinical trials, in which benefits are demonstrated in a controlled environment for patients meeting specific inclusion and exclusion criteria. Usage patterns and effectiveness in real-world clinical practice for the broader population are yet to be studied. This study aims to evaluate differences in dosing and clinical outcomes before and after initiation of treatment with Gla-300 in patients with T2D starting or switching to treatment with Gla-300 so as to evaluate whether the benefits observed in clinical trials translate into the real-world setting.

Methods {#Sec2}
=======

Study Design {#Sec3}
------------

This was a retrospective observational study of data obtained by physician surveys and from medical records of 390 insulin-naive patients with T2D who started treatment with Gla-300 (*n* = 298) or Gla-100 (*n* = 92), and 163 patients who switched from treatment with insulin detemir or Gla-100 to treatment with Gla-300. The inclusion criteria for physicians were board certification in endocrinology, between 3 and 35 years in practice, at least 60% of their time spent treating/managing patients in a clinical setting, treating a minimum of ten patients with T2D monthly, and having treated a minimum of four patients with Gla-300 and one patient with Gla-100 in the past 6 months. The inclusion criteria for patients were age at least 18 years at the date of T2D diagnosis, and currently using either Gla-300 or Gla-100 (started within the past 6 months and used for at least 30 days). Patients in the naive sample were insulin naive before treatment initiation. Patients switching to treatment with Gla-300 from treatment with neutral protamine Hagedorn insulin were excluded from the switcher analysis as neutral protamine Hagedorn insulin is dosed twice daily.

Physicians completed patient record review forms via an online, self-administered survey using data from the medical records of the last four patients with T2D they had seen personally and in whom they had initiated treatment with Gla-300, and for the last patient with T2D in whom they had initiated treatment with Gla-100. As a limited number of patients switching to treatment with Gla-100 were enrolled in this study, a robust comparison between insulin groups was not feasible; therefore, outcomes were compared only for before switching versus after switching to treatment with Gla-300.

Patient Characteristics and Outcome Measures {#Sec4}
--------------------------------------------

The patient characteristics analyzed included age, sex, duration of diabetes, race, ethnicity, height, weight, diabetes-related complications, and health insurance type. The aspects of a patient's diabetes history captured included date of diagnosis, date when the physician first started treating the patient, antidiabetes treatments, and number of office visits for T2D in the 6 months before the initiation of treatment with the study medications (Table [1](#Tab1){ref-type="table"}). The treatment usage patterns analyzed included date of initiation, prior dosage if switching from another basal insulin, dosage initiated, and titrated dosage. The clinical measures analyzed included metabolic panel at initiation (or most recent), hemoglobin A~1c~ level, and hypoglycemic events experienced 6 months before and after treatment initiation/switch. The physician's reasons for choosing a therapy were also captured (Table [2](#Tab2){ref-type="table"}).Table 1Patient baseline characteristicsCharacteristicInsulin-naive patientsInsulin-experienced patientsStarted Gla-100 treatment (*n* = 92)Started Gla-300 treatment (*n* = 298)Switched to Gla-300 treatment (*n* = 163)Age (years)^a^54.4 (13.1)53.6 (11.9)56.3 (10.3)Duration of diabetes (years)^a^11.1 (8.6)10.9 (9.5)13.3 (8.1)Sex Male56 (60.9%)156 (52.4%)96 (58.9%) Female36 (39.1%)142 (47.7%)67 (41.1%)Race/ethnicity White56 (60.9%)192 (64.4%)108 (65.6%) Black15 (16.3%)45 (15.1%)28 (17.2%) Hispanic9 (9.8%)27 (9.1%)19 (11.7%) Other11 (12.0%)27 (9.1%)8 (4.9%) Unknown1 (1.1%)7 (2.4%)1 (0.6%)BMI (kg/m^2^)^a^29.8 (4.6)30.2 (5.5)33.8 (6.7)Charlson comorbidity index^a^0.42 (0.76)0.40 (0.93)0.72 (1.17)Number of patient visits for T2D in the 6 months before survey^a^2.25 (0.9)2.56 (1.5)2.40 (1.0)Health insurance type Commercial health insurance plan55 (59.8%)213 (71.5%)117 (71.8%) Medicaid5 (5.4%)20 (6.7%)6 (3.7%) Medicare28 (30.4%)57 (19.1%)42 (25.8%) Health exchange2 (2.2%)5 (1.7%)3 (1.8%) Other1 (1.1%)1 (0.3%)1 (0.6%) None1 (1.1%)2 (0.7%)0 (0%) Do not know3 (3.3%)11 (3.7%)3 (1.8%)Previous concurrent treatment Metformin64 (69.6%)229 (76.9%)96 (58.9%) Sulfonylurea41 (44.6%)104 (34.9%)38 (23.3%) Fixed-dose combination of sulfonylurea + metformin6 (6.5%)14 (4.7%)6 (3.7%) DPP-4 inhibitor24 (26.1%)76 (25.5%)30 (18.4%) Fixed-dose combination of DPP-4 inhibitor + metformin7 (7.6%)18 (6.0%)11 (6.8%) SGLT2 inhibitor15 (16.3%)60 (20.1%)23 (14.1%) Fixed-dose combination of SGLT2 inhibitor + metformin5 (5.4%)11 (3.7%)2 (1.2%) Fixed-dose combination of SGLT2 inhibitor + DPP-4 inhibitor0 (0%)3 (1.0%)0 (0%) GLP-1 receptor agonist19 (20.7%)60 (20.1%)28 (17.1%) Another bolus or mealtime insulinNANA47 (28.8%)Previous basal insulin Gla-100NANA118 (72.4%) Insulin detemirNANA45 (27.6%)*BMI* body mass index, *DPP-4* dipeptidyl peptidase 4, *Gla-100* insulin glargine at a strength of 100 units per milliliter, *Gla-300* insulin glargine at a strength of 300 units per milliliter, *GLP-1* glucagon-like peptide 1, *NA* not available, *SGLT2* sodium glucose cotransporter 2, *T2D* type 2 diabetes^a^The mean is given, with the standard deviation in parentheses Table 2Reasons provided by physicians for therapy choiceCharacteristicInitiated Gla-100 treatment (*n* = 92)Initiated Gla-300 treatment (*n* = 298)Switched to Gla-300 treatment (*n* = 163)Cost considerations38 (41.3%)73 (24.5%)21 (12.9%)Efficacy40 (43.5%)135 (45.3%)73 (44.8%)Low rate of side effects21 (22.8%)47 (15.8%)34 (20.9%)Guidelines dictated choice4 (4.4%)7 (2.4%)6 (3.7%)Patient request7 (7.6%)34 (11.4%)17 (10.4%)I was comfortable prescribing it/it was familiar to me37 (40.2%)79 (26.5%)54 (33.1%)Hypoglycemia concerns12 (13.0%)58 (19.5%)44 (27.0%)Comorbid conditions prevented me from prescribing something else2 (2.2%)10 (3.4%)1 (0.6%)Contraindications prevented me from prescribing something else2 (2.2%)1 (0.34%)0 (0%)Preferred dosing20 (21.7%)57 (19.1%)52 (31.9%)Better control than other insulins15 (16.3%)67 (22.5%)54 (33.1%)Better patient adherence13 (14.1%)61 (20.5%)67 (41.1%)Other reason2 (2.2%)4 (1.3%)19 (11.7%)*Gla-100* insulin glargine at a strength of 100 units per milliliter, *Gla-300* insulin glargine at a strength of 300 units per milliliter

Definitions of Dosing {#Sec5}
---------------------

Preinitiation/preswitch data on dosing were based on the physicians' answers to the following request : "You indicated this patient was on a basal insulin. Please record the brand name and total number of units per day for this basal insulin that was prescribed to this patient."

Postinitiation/postswitch data on dosing were based on the physicians' answers to the following request: "Please record the total number of units of (Gla-300 or Gla-100) that this patient has been titrated to and now is considered their maintenance dose."

Definitions of Hypoglycemia {#Sec6}
---------------------------

Preinitiation/preswitch data on hypoglycemia were based on the physicians' answers to the following questions:"In the 6 months prior to (Gla-300 or Gla-100) initiation, has this patient reported experiencing any hypoglycemic events?" (Yes/no/don't know)."In the 6-month period prior to (Gla-300 or Gla-100) initiation, how many hypoglycemic events did this patient report experiencing?" (Number of events).

Postinitiation/postswitch data on hypoglycemia were based on the physicians' answers to the following questions:"Since being initiated on Gla-300 or Gla-100, has this patient reported experiencing any hypoglycemic events?" (Yes/no/don't know)."How many hypoglycemic events has this patient reported experiencing since being initiated on Gla-300 or Gla-100?" (Number of events).

Statistical Analyses {#Sec7}
--------------------

Descriptive statistics were reported to characterize patient profiles and change in clinical outcomes (e.g., mean and standard deviation for continuous variables and percentages for categorical variables). Patients who started treatment with Gla-300 were compared with patients who started treatment with Gla-100 with regard to demographics, diagnosis history, and clinical-profile variables with use of a chi-square test for categorical variables and a two-sample Student *t* test for continuous variables.

Generalized linear mixed-effects models adjusting the data for demographics (e.g., age, sex, health insurance status) and clinical characteristics (e.g., prior OAD treatments, body mass index) were used to examine differences in dosing patterns and clinical outcomes before treatment initiation versus after treatment initiation or switching, accounting for the differing follow-up times. This helped to account for the confounders. Least-squares (LS) means, along with associated 95% confidence intervals (CIs) and *P* values, were reported from generalized linear mixed-effects models.

Compliance with Ethics Guidelines {#Sec8}
---------------------------------

This article is based on previously conducted studies and does not involve any new studies of humans or animals performed by any of the authors.

Results {#Sec9}
=======

Patient Baseline Characteristics {#Sec10}
--------------------------------

Data were analyzed from 390 insulin-naive patients starting basal insulin treatment, of whom 92 started treatment with Gla-100 and 298 started treatment with Gla-300. For the switching analysis, data from 163 patients were analyzed, of whom 118 switched from treatment with Gla-100 and 45 switched from treatment with insulin detemir. Patient baseline characteristics are shown in Table [1](#Tab1){ref-type="table"} and were comparable for the three groups. Nearly three quarters of patients switching to treatment with Gla-300 from treatment with another basal insulin switched from treatment with Gla-100 (Table [1](#Tab1){ref-type="table"}).

Reasons for Therapy Choices {#Sec11}
---------------------------

The most commonly cited reason that physicians gave for choosing a therapy for their patient was "efficacy," at about 45% in all treatment groups (Table [2](#Tab2){ref-type="table"}). Another result of note was that physicians commonly prescribed Gla-100 in patients starting therapy because they were comfortable/familiar with the treatment. "Hypoglycemia concerns" was the most commonly cited reason for patients switching to treatment with Gla-300 (27.0%); this was the reason given for initiating Gla-300 treatment by 19.5% of physicians and for initiating Gla-100 treatment by 13.0% of physicians. Similarly, "better control" and "better patient adherence" were the most commonly cited reasons for switching patients to treatment with Gla-300 (33.1% and 41.1%, respectively); these reasons were cited for initiating Gla-300 treatment by 22.5% and 20.5% of physicians, respectively, and for initiating Gla-100 treatment by 16.3% and 14.1% of physicians, respectively (Table [2](#Tab2){ref-type="table"}).

Preinitiation and Postinitiation Dosing {#Sec12}
---------------------------------------

After other covariates had been controlled for, the initial prescribed dose of Gla-300 (LS mean 0.331 units per kilogram) was comparable to that of Gla-100 (LS mean 0.339 units per kilogram; *P* = 0.86). No difference in the final titrated dose was observed in patients who started treatment with Gla-300 versus patients who started treatment with Gla-100 (LS mean 0.43 units per kilogram vs 0.44 units per kilogram; *P* = 0.77) (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Daily titrated basal insulin dose (LS means) for insulin-naive patients starting treatment with insulin glargine at a strength of 100 units per milliliter (Gla-100) or insulin glargine at a strength of 300 units per milliliter (Gla-300)

After other covariates had been controlled for, the daily dose of basal insulin was significantly lower after switching to treatment with Gla-300 (Fig. [2](#Fig2){ref-type="fig"}), with the adjusted difference between the preswitch and postswitch values being −0.15 units per kilogram (95% CI −0.28 to −0.02 units per kilogram; *P* = 0.02).Fig. 2Preswitch and postswitch daily basal insulin dose for patients switching to treatment with insulin glargine at a strength of 100 units per milliliter (Gla-100) or insulin glargine at a strength of 300 units per milliliter (Gla-300)

Preinitiation and Postinitiation Hemoglobin A~1c~ Level and Hypoglycemia {#Sec13}
------------------------------------------------------------------------

Compared with before treatment initiation, the mean hemoglobin A~1c~ level was significantly lower after initiation of Gla-300 or Gla-100 treatment (LS mean change 1.21 percentage points and 1.12 percentage points , respectively; both *P* \< 0.001); the difference was not statistically significant between Gla-300 and Gla-100 (*P* = 0.62) (Fig. [3](#Fig3){ref-type="fig"}a). The annualized mean number of hypoglycemic events per patient-year was significantly lower following initiation of Gla-300 treatment versus Gla-100 treatment at similar daily doses (Fig. [3](#Fig3){ref-type="fig"}b) and the relative risk of hypoglycemic events after initiation of Gla-300 treatment versus Gla-100 treatment was 0.31 (95% CI 0.12--0.81; *P* = 0.018).Fig. 3Hemoglobin A~1c~ (A1C) level (**a**) and hypoglycemic events (**b**) for insulin-naive patients starting treatment with insulin glargine at a strength of 100 units per milliliter (Gla-100) or insulin glargine at a strength of 300 units per milliliter (Gla-300). In **b** the relative risk of hypoglycemic events after starting Gla-300 treatment versus Gla-100 treatment was 0.31 (95% confidence interval 0.12--0.81; *P* = 0.018). *LS* least squares

Regardless of prior basal insulin dosing frequency (*P* = 0.976), the mean hemoglobin A~1c~ level was significantly lower after switching to treatment with Gla-300 from treatment with another basal insulin (Fig. [4](#Fig4){ref-type="fig"}a ). The adjusted difference between the preswitch and postswitch values was − 0.95 percentage points (95% CI − 1.13 to − 0.78 percentage points ; *P* \< 0.0001). Regardless of prior basal insulin dosing frequency (*P* = 0.845), the annualized mean number of hypoglycemic events per patient-year was significantly lower after switching to treatment with Gla-300 from treatment with another basal insulin (Fig. [4](#Fig4){ref-type="fig"}b). The relative risk of hypoglycemic events after switching to treatment with Gla-300 was 0.17 (95% CI 0.11--0.26; *P* \< 0.0001).Fig. 4Hemoglobin A~1c~ (A1C) level (**a**) and hypoglycemic events per year (**b**) for patients switching to treatment with insulin glargine at a strength of 300 units per milliliter (Gla-300) from treatment with another basal insulin. Asterisk regardless of prior basal insulin dosing frequency (once daily vs twice daily: *P* = 0.976), dagger 95% confidence interval − 1.13 to − 0.78 percentage points (*P* = 0.001), double dagger relative risk 0.17 (95% confidence interval 0.11--0.26)

Discussion {#Sec14}
==========

As Gla-300 was only relatively recently approved by the US Food and Drug Administration and the European Medicines Agency, this study aimed to investigate its impact on patients with T2D (both those starting basal insulin treatment with Gla-300 or switching from treatment with another basal insulin) in a real-world setting, with a focus on patients in the USA. These data provide useful insights regarding actual medication use patterns and clinical outcomes beyond the confines of clinical trials.

An important rationale for use of Gla-300 rather than first-generation basal insulins, such as Gla-100 or insulin detemir, is that in addition to reduced injection volumes it is also expected to result in fewer instances of hypoglycemia because of its improved PK/PD profile \[[@CR12], [@CR13], [@CR21]\]. It has been shown that this is because Gla-300 has more gradual release from the subcutaneous tissue compared with Gla-100, resulting in 24 h or longer coverage \[[@CR12], [@CR13], [@CR22]\]. Patients in clinical trials who switch from twice-daily basal insulin treatment to once-daily Gla-300 treatment show a dosing increase of 0.28--0.38 units per kilogram per day \[[@CR23]\]. The significant difference in the number of units of insulin received after switching to treatment with Gla-300 from treatment with another basal insulin (adjusted difference of 0.15 units per kilogram following the switch to treatment with Gla-300) could suggest that changes in insulin dosing in the real-world setting are smaller than those seen in clinical trials. Further studies are needed to provide more insight.

Our results also support the findings of clinical trials demonstrating reduced hypoglycemia rates in patients treated with Gla-300 compared with first-generation basal insulins \[[@CR15]--[@CR20]\]. Although this might be expected in patients switching to treatment with Gla-300 from treatment with other basal insulins, it is interesting to note in our results that hypoglycemic events per patient-year were reduced in insulin-naive patients starting treatment with Gla-300 versus those starting treatment with Gla-100. Although the rates of hypoglycemia were already very low before treatment initiation (0.12 events per patient-year), the difference was statistically significant. Patients starting basal insulin treatment for the first time may take particular care with regard to monitoring their blood glucose levels, and have increased awareness of the possibility of hypoglycemia. This effect may be heightened further in a clinical trial setting, which might have contributed to the observed reduction in hypoglycemia rates in these patients. It is also possible that hypoglycemic events before initiation were underreported, as such episodes were captured through health care encounters and relatively short follow-up times. Furthermore, the use of sulfonylureas after treatment initiation/switching was lowest in patients switching to treatment with Gla-300 (11.7%) followed by patients starting treatment with Gla-300 (27.5%), and was highest in patients starting treating treatment with Gla-100 (34.8%), which may contribute to this result.

The improved PK/PD profile of Gla-300 means that it has the potential to improve glycemic target achievement \[[@CR21]\]. As would be expected, insulin-naive patients starting treatment with either Gla-300 or Gla-100 had significant reductions in hemoglobin A~1c~ level. Patients switching to treatment with Gla-300 from treatment with other basal insulins had similar hemoglobin A~1c~ level reductions as patients starting treatment with Gla-300 . As clinical trials reported lower rates of hypoglycemia with Gla-300 compared with Gla-100, patients requiring treatment intensification but who have concerns regarding hypoglycemia would be more likely to be switched to treatment with Gla-300. Concerns regarding hypoglycemia are often cited as reasons for reluctance to start and intensify insulin therapy, both by physicians and by patients \[[@CR8], [@CR9], [@CR24]\]. Switching to treatment with Gla-300 may allow such patients to properly adhere to their treatment regimens, therefore improving their glycemic control.

It is possible that the patients selected for study inclusion represent a "convenience" sample. That is, rather than strictly following the protocol and selecting the most recent patients prescribed either Gla-300 or Gla-100, physicians being surveyed via the Internet may have selected the records that were most readily available. Therefore, the findings may not be generalizable to the overall US population of patients with T2D receiving Gla-300. Additionally, because of the subjective nature of some of the physician-reported measures and reliance on data abstraction from patient records, nondifferential recall biases may have introduced measurement error. As the data were obtained only from physicians who agreed to participate in the study and contributed data, these may not be representative of all US physicians treating patients with T2D. Indeed, physicians agreeing to take part in such studies are more likely to be closely engaged in their patients' treatment and well-being. Furthermore, the very fact that they were taking part in this study may have resulted in physicians being especially attentive regarding their patients' treatment and well-being.

The study was designed to provide a retrospective description of current treatment patterns and outcomes and is, therefore, subject to inherent confounding (due to different patient and disease characteristics for patients receiving different treatment regimens) and to confounding from unmeasured variables. The current data do not support a robust analysis of concomitant medication use, because of the timing of medical record collection. The mean follow-up time was 4 months, and only a small proportion of patients had a sufficiently long follow-up time. There was also a lack of a comparator group in the cohort that switched to treatment with Gla-300 from treatment with another basal insulin, and not all patients provided data both before and after the switch.

Additional real-world studies, both prospective and retrospective, with larger sample sizes and longer follow-up times are needed to confirm these findings.

Conclusion {#Sec16}
==========

In this real-world study of patients with T2D, insulin-naive patients starting treatment with Gla-300 compared with those starting treatment with Gla-100 experienced fewer hypoglycemic events and had a similar hemoglobin A~1c~ level reduction, with no difference in daily insulin dose. Patients switching to treatment with Gla-300 from treatment with Gla-100 or another basal insulin had a significantly lower daily dose of basal insulin, with fewer hypoglycemic events and no compromised hemoglobin A~1c~ level reduction. Regardless of the frequency of prior basal insulin dosing, significant reductions in hemoglobin A~1c~ level and the number of hypoglycemic events were observed with Gla-300.

These findings suggest that in a real-world setting Gla-300 provides benefits in terms of reduced hemoglobin A~1c~ level and rates of hypoglycemia.
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